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(54) Polymerization inhibitor process 

(57) Disclosed is a system and a process for cleanly 
handling the vent gas by-products of the dehydrogena- 
tion reaction of monovinyl aromatic compounds which 
process involves the use of polymerization inhibitor 
injected into the vent gas prior to its entry into the vent 
gas compressor. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to the inhibition of 
polymerization in a material stream containing a polym- 
erizable monomer component and more particularly 
involves the polymerization of monovinyl aromatic mon- 
omers such as styrene contained in the vent gas off of a 
dehydrogenation unit. 

In the manufacture of a monovinyl aromatic mono- 
mer such as styrene from a chemical feedstock such as 
ethylbenzene. the monomer is manufactured by dehy- 
drogenating the feedstock in a dehydrogenation or 
"dehydro" unit. For example, ethylbenzene ("EB") feed- 
stock is converted into styrene by passing the EB 
through an EB dehydro unit which removes hydrogen 
atoms from the EB molecules to form styrene mole- 
cules. The gaseous side products of the chemical reac- 
tion containing mostly hydrogen are drawn off the EB 
dehydro unit under a vacuum as dehydro vent gas for 
additional processing. 

The vent gas from the dehydro unit normally com- 
prises hydrogen C0 2 , CO, H 2 0 vapor, and hydrocarbon 
vapours. In one instance, the vent gas may be distilled 
to remove the "heavies" (EB and styrene) which are 
recycled to the EB dehydro unit and into the styrene 
product line, respectively, with the "lights", including the 
hydrogen, being burned for fuel value. Alternatively, the 
entire vent gas stream can be burned for fuel gas. 

In another instance, the dehydro vent gas may be 
cycled into a phenylacetylene reduction system com- 
prising one or more catalyst reactors through which sty- 
rene monomer containing phenylacetylene contaminant 
is passed over a suitable catalyst in order to reduce the 
phenylacetylene contaminants to styrene by reacting 
with the hydrogen contained in the vent gas. 

In each instance above, the dehydro vent gas must 
be removed from the dehydro reactors, compressed 
and sent to another reactor, distillation unit, or burner. 
Regardless of its end use, the vent gas which is at 
reduced pressure must be compressed to about 45 PSI 
in order to transport it to the next stage of the process. 

Problems arise when trying to compress EB dehy- 
dro vent gas because of the styrene monomer content 
of the gas, styrene being a fairly reactive element and 
one which is quick to polymerize. Because of the heat of 
compression in the vent gas compressor, styrene mon- 
omer will polymerize readily on the internal parts and 
surfaces of the compressor, causing malfunction and 
poor efficiency in the compressor. If the compressor has 
a shut- down, the polymer causes it to "freeze". The 
restart is difficult. 

The conventional solution for preventing polymer 
build-up in the vent gas compressor has been a contin- 
uous "wash" or "flush" of EB injected with the vent gas 
into the compressor. This has no significant beneficial 
effect on the polymerization of the monomer but it does 
physically dissolve the polymer off of the compressor 



components and allows the compressor to continue 
running. The resultant EB/polymer solution must then 
be processed to remove the EB from the polymerized 
monomer which is usually low-grade low molecular 

5 weight material, having little commercial value. The dis- 
advantage of this method is that reprocessing the 
EB/polymer solutions is expensive. The low grade poly- 
mer which is produced adds to the plant tar and is a loss 
of valuable raw materials. 

10 The present invention overcomes these deficien- 
cies by providing a system and a process whereby an 
EB flush is not necessary to remove polymer accumula- 
tions from vent gas compressor components because 
the process prevents polymerization of the monomer in 

is the vent gas compressor. 

SUMMARY OF THE INVENTION 

The process and system disclosed and claimed 
20 herein utilizes a polymerization inhibitor that is injected 
into the EB dehydro vent gas upstream of the vent gas 
compressor to prevent polymer from forming inside the 
compressor. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The figure is a schematic flow diagram of the sys- 
tem installed in a styrene manufacturing process. 

30 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to the figure, which is a schematic dia- 
gram of a styrene manufacturing process, a ethylben- 

35 zene feed stream EBF is fed to an ethylbenzene 
dehydrogenation reactor EBD. Hydrogen is removed 
from the ethylbenzene in the reactor EBD and a stream 
of styrene monomer SM is removed from the reactor. A 
by-product vent gas is drawn off of the reactor EBD 

40 through line VG and compressed in the vent gas com- 
pressor VGC. An inhibitor supply tank IS communicates 
with line VG through inhibitor supply line SL A styrene 
inhibitor is injected through line SL into line VG 
upstream of the compressor VGC. The compressed 

45 vent gas/inhibitor mixture then passes through valve V 
and is either routed to a waste heat boiler B and burned 
as a fuel or alternatively, is routed through valve V 
through recycle line RC and injected back into the crude 
styrene from reactor EBD. Alternatively, a phenylacety- 

so lene removal system, PAR, may be utilized in conjunc- 
tion with the present invention by the use of a second 
valve PV which recycles all or a portion of the com- 
pressed vent gas into a phenylacetylene reduction reac- 
tor PAR. Likewise, the styrene monomer feedstream 

55 from EBD is cycled through a phenylacetylene valve 
PAV and into the reactor PAR. The inhibited vent gas 
flowing through valve PV into the PAR reactor system is 
commingled or admixed with the styrene monomer 
stream and the hydrogen content of the vent gas 
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reduces the phenylacetylene content of the styrene 
monomer into styrene which then is removed through 
purified monomer line PM. 

In one alternative embodiment (not shown), valve 
PV can be replaced with a purification system such as a 
distillation unit to separate the heavier volatiles such as 
ethylbenzene and styrene flowing through valve V into 
recycle line RC to recycle these heavier volatiles back 
into the ethylbenzene feedstream EBF. The remainder 
of the vent gas minus the heavier volatiles is then cycled 
into the phenylacetylene reduction reactor PAR to fur- 
ther purify the styrene monomer stream from the reac- 
tor EBD. 

The particular inhibitor used may be of any suitable 
styrene polymerization inhibitor which is capable of 
being injected into a stream of gas. For example, one 
particularly advantageous type of inhibitor was found to 
be that manufactured by Uniroyal Chemical Co. Inc. of 
Middleburg, Connecticut 06749, and designated as 
Uniroyal "Naugard", a family of phenylene/diamide sty- 
rene inhibitors which includes: 



Naugard I-2 

Naugard I-3 

Naugard I-4 
Naugard I-5 



N,N'[p-phenylene]bis[2-amino-5-methyl- 
hexane]; 

N-[1,4-dimethylpentyl]-N'-phenyl-p-phe^ 
nylene-diamine; 

4-lsopropylamino diphenylamine; 
4,6-dinitro-2-sec-butyl phenyl. 



These and other inhibitors can be found more particu- 
larly described in U.S. Patent 4,664,845; 4,466,905; and 
4,468,343, all of which are incorporated herein by refer- 
ence. This inhibitor is injected into the vent gas stream 
through line SL upstream of the vent gas compressor 
and it is believed that such inhibitor will successfully pre- 
vent polymerization of styrene on the compressor com- 
ponents. It is also believed by the inventors that other 
similar injectable styrene inhibitors would also serve to 
prevent styrene polymerization on the internal compres- 
sor components. Although the process has not been 
actually attempted in an actual vent gas compressor, 
the inventors are of the belief that due to the nature of 
the inhibitor and the known characteristics of styrene 
monomer in vent gas applications, the presently dis- 
closed inhibitor would sufficiently prevent polymeriza- 
tion in the compressor such that no polymer would be 
allowed to form therein. 

Although a specific preferred embodiment of the 
present invention has been described in the detailed 
description above, the description is not intended to limit 
the invention to the particular forms or embodiments 
disclosed therein since they are to be recognized as 
illustrative rather than restrictive and it will be obvious to 
those skilled in the art that the invention is not so limited. 
For example, whereas the embodiments herein as dis- 
closed with respect to the vent gas from ethylben- 
zene/styrene reactor unit, it is obvious that the invention 
would pertain to other gas systems containing polymer- 
izable monomers. Thus, the invention is declared to 
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cover all changes and modifications of the specific 
example of the invention herein disclosed for purposes 
of illustration which do not constitute departure from the 
spirit and scope of the invention. The embodiments of 
the invention in which a specific property or privilege is 
claimed are defined as follows. 

Claims 

1 . A process for dehydrogenating ethylbenzene to sty- 
rene, said process comprising: 

passing a ethylbenzene feedstream over a 
dehydrogenation catalyst in a dehydrogenation 
reactor to form a product stream of styrene; 
removing from said reactor a vent gas stream 
containing by-products, including hydrogen, 
ethylbenzene vapor, styrene, benzene ad tolu- 
ene vapors, CO, C0 2 and water vapor; 
injecting into said vent gas stream a styrene 
polymerization inhibitor; and, 
compressing said vent gas stream for further 
processing. 

2. The process of Claim 1, wherein said polymeriza- 
tion inhibitor is a phenylenediamine compound. 

3. The process of Claim 2, wherein said polymeriza- 
tion inhibitor is phenylenediamine compound. 
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A system for dehydrogenating ethylbenzene into 
styrene, said system comprising: 

a catalytic dehydrogenation reactor adapted for 
dehydrogenating ethylbenzene into styrene; 
an ethylbenzene feedstream supply connected 
to said reactor; 

a vent gas removal sub-system connected to 
said reactor and arranged to remove from said 
reactor vent gas by-products of ethylbenzene 
dehydrogenation; 

a vent gas compressor connected with said 
removal system and arranged to receive vent 
gas therefrom; and; 

a polymerization inhibitor sub-system between 
said removal sub-system and said compressor 
arranged to inject a polymerization inhibitor into 
vent gas from said reactor. 
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